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Box No. V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1 . Statement 



Novelty (N) 


Claims 


1-19 


YES 




Claims 




NO 


Inventive step (IS) 


Claims 


1-19 


YES 




Claims 




NO 


Industrial applicability (IA) 


Claims 


1-19 


YES 




Claims 




NO 



2. Citations and explanations (Rule 70.7) 

Claims 1-19 meet the criteria under PCT Articles 33(2>33(4) with regard to novelty, inventive step and 
industrial applicability. * 

The notable difference between the invention as defined in claims 1-19 and what is disclosed in any of the cited 
references is that the processing unit of the monitoring apparatus not only determines the at least one instant 
ambulatory performance indicia of the subject from at least one determined instant acceleration of the subject in 
one or more instants of time but it also determines the at least one designated performance threshold from at least 
one previously determined instant ambulatory performance indicia. 

This feature provides the monitoring apparatus with an important adaptive threshold capability that is performed 
in situ within the processing unit itself and not a threshold that is determined by a clinician or other operator and 
inputted by specification. 

This adaptive threshold capability provides two distinct advantages. Firstly, it caters for calibration or run in 
periods which do not require manual clinician or user intervention in relation to setting the threshold magnitudes, 
Secondly, it provides for adaptive cooperative changes to threshold magnitudes and mitigates against false 
alarms in the case of long term ambulatory performance changes. 

The subject matter of claims 1-19 is therefore novel, involves an inventive step and possesses industrial 
applicability. 
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A MONITORING APPARATUS FOR AN AMBULATORY SUBJECT AND A METHOD FOR 
MONITORING THE SAME 

FIELD OF THE INVENTION 

5 The invention is in the field of monitoring methods and apparatus for ambulatory subjects. 

PRIOR ART 

In accordance with the statistics in some countries the population is ageing and it is projected that by the 
year 2051 those aged 65 years and over will constitute approximately one quarter of the total population. 

10 

Falls are one of the greatest risks facing this group and in the over 65 age group, accidents are the fifth 
highest cause of death, and approximately two thirds of accidents are falls. Falls also account for more 
than half of all injury-related hospital admissions in this group. 

15 Falls and collapse are associated with functional decline, leading to disability, dependence and nursing 
home placement, even in cases where the fall did not cause injury. Up to half of all older people who fall 
or collapse without suffering injuries are unable to get up without assistance. 

In the case of the elderly or infirm persons living alone, an inability to rise can lead to serious 
20 consequences of extreme distress, muscle damage, pneumonia, pressure sores, dehydration, 
hypothermia and mortality. Many such people become afraid and so restrict their daily activities and 
exercise, which in turn leads to a further reduction in health and wellbeing. 

Some personal alarm systems provide such venerable people with an emergency button however this 
25 technology is rendered ineffective if the person is unable to press the button due to unconsciousness, 
injury or immobility. 

Furthermore the ageing population and the related increasing prevalence of chronic disease are placing a 
large burden on the hospital system. There is a need to provide alternatives to hospital care for these 
30 patients. 

One of the most important considerations in independent living is functional status; that is, the ability of a 
person to carry out routine daily tasks in his or her normal (home) environment. There are many different 
measurements that provide indication of functional status. These include, but are not limited to, the time 
35 taken to rise from sitting, postural sway when standing, walking speed, and step rate variability. 

Traditionally, these parameters have been measured in a dedicated laboratory in an expensive, time- 
consuming procedure, or they have been measured subjectively in the clinic or home using clinician 
observation or patient recall. 
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It is therefore an object of the invention to overcome some of the problems of the prior art or at least to 
provide a useful alternative. 

SUMMARY OF THE INVENTION 

5 One aspect of a preferred embodiment of the invention provides a monitoring apparatus for an 
ambulatory subject including: 

■ a portable monitor mountable on the subject that includes an accelerometer that measures the instant 
acceleration of the subject in one or more determined directions; 

■ a processing unit that: 

10 a) determines at least one instant ambulatory performance indicia of the subject from at least one 
determined instant acceleration of the subject in one or more instants of time; 

b) determines at least one designated performance threshold from at least one previously 
determined instant ambulatory performance indicia; 

c) determines if the subject's instant ambulatory performance indicia is below or above the at least 
15 one designated performance threshold; 

d) initiates at least one event if the determined instant ambulatory performance indicia is above or 
below the determined at least one designated performance threshold; and 

a communications unit that communicates an initiated event to a remote receiver. 

20 Preferably the at least one designated performance threshold is determined by the processing unit from a 
plurality of previously determined instant ambulatory performance indicia. 

Preferably the at least one event is initiated only if the determined instant ambulatory performance indicia 
is below or above the determined at least one designated performance threshold for a designated period 
25 oftime. 

Preferably the designated first period oftime is determined from a plurality of previously determined 
instant ambulatory performance indicia. 

30 Preferably the accelerometer simultaneously determines the acceleration of the subject in three 
orthogonal directions. 

Preferably the portable monitor is configured to be mounted on an upright ambulatory such that one of the 
three orthogonal directions is in a vertical direction or within a designated angle of the vertical direction. 



35 



Preferably an initiated event is communicated by the apparatus to the remote receiver by wireless 
communication. 

In another embodiment it is also preferred: 
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■ a first instant ambulatory performance indicia representative of movement activity in the subject is 
determined from the instant magnitude of the sum of the instant acceleration of the subject in one or 
more determined directions; 

• a first acceleration threshold magnitude that is representative of a lack of normal expected subject 
5 movement is designated as a first designated performance threshold; 

a first event representative of 'an absence of a normal amount of movement in the subject indicative 
of a possible inability to rise due to a collapse or other adverse event' is initiated if the determined 
first instant ambulatory performance indicia is below the first designated acceleration threshold 
magnitude for a first designated period of time. 

10 

It is also further preferred: 

■ a second instant ambulatory performance indicia representative of the instant cranio-caudal angle of 
the subject relative to an upright disposition of the subject, is determined from at least one of the 
determined instant acceleration of the subject in one or more determined directions; 

15 ■ an angle magnitude that is representative of a cranio-caudal angle of the subject relative to an upright 
subject where the disposition of the subject is deemed to be no longer upright is designated as a 
second designated performance threshold; 

■ a second acceleration threshold magnitude representative of an abnormally high subject movement is 
designated as a third designated performance threshold; and 

20 - a second event representative of an abnormal acceleration of the subject followed by a laying down 
subject disposition indicative of a possible fall coupled with a subsequent absence of getting up from 
the laying down disposition indicative of a possible debilitating fall is initiated if: 
a) the determined first instant ambulatory performance indicia is above the second designated 
acceleration threshold for a second designated period of time; and 
25 b) within a third designated period of time of the end of the second designated period of time the 
determined second instant ambulatory performance indicia is greater than the designated angle 
threshold; and then 

c) the determined first instant ambulatory performance indicia is below the first designated 
acceleration threshold magnitude for a first designated period of time. 

30 

Another aspect of the invention provides a method of monitoring an ambulatory subject including: 
a) mounting a portable monitor on the subject that includes an accelerometer to measure 
simultaneously the instant acceleration of the subject in at least three different directions at 
different instants in time; 

35 b) using a processing unit in communication with the portable monitor to determine a plurality of 

instant ambulatory performance indicia based on the determined instant acceleration of the 
subject; 
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c) using the processing unit to determine at least one designated performance threshold 
corresponding to the each ambulatory performance indicia from at least one previously 
determined corresponding instant ambulatory performance indicia; 

d) using the processing unit to determine if the subject's instant ambulatory performance indicia is 

5 below or above the corresponding at least one designated performance threshold and initiating a 

corresponding event; 

e) using a communications unit to communicate an initiated event to a remote receiver. 

Preferably the at least one designated performance threshold is determined from a plurality of previously 
10 determined instant performance indicia, and the designated performance threshold responsively and 

cooperatively adapts to statistical changes in previously determined instant performance indicia overtime. 

Preferably the event is initiated only if the determined instant ambulatory performance indicia is below or 
above the determined at least one designated performance threshold for a designated period of time. 

15 

Another aspect of the invention provides a method of monitoring an ambulatory subject including: 

a) mounting a portable monitor on the subject that includes an accelerometer to measure the instant 
acceleration of the subject in one or more determined directions; 

b) using a processing unit in communication with the portable monitor to determine at least one 
20 instant ambulatory performance indicia of the subject from at least one determined instant 

acceleration of the subject in one or more instants of time; 

c) using the processing unit to determine at least one designated performance threshold from at 
least one previously determined instant ambulatory performance indicia; 

d) using the processing unit to determine if the subject's instant ambulatory performance indicia is 
25 below or above the at least one designated performance threshold and initiating a corresponding 

event; 

e) using the processing unit to initiate at least one event if the determined instant ambulatory 
performance indicia is above or below the determined at least one designated performance 
threshold; and 

30 0 using a communications unit to communicate an initiated event to a remote receiver. 

Preferably the at least one designated performance threshold is determined by the processing unit 
from a plurality of previously determined instant performance indicia. 

35 Preferably the designated performance threshold responsively and cooperatively adapts to statistical 

changes in previously determined instant performance indicia overtime. 

Another aspect of the invention provides a monitoring apparatus for an ambulatory subject including: 
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■ a portable monitor mountable on the subject that includes an accelerometer that simultaneously 
measures the instant acceleration of the subject in at least three different directions; 

■ a processing unit that: 

a) is in communication with the portable monitor; 
5 b) determines the instant magnitude of the sum of the instant acceleration of the subject in the 

at least three different directions; 

c) determines if the determined instant magnitude does not exceed a first designated 
acceleration threshold magnitude for a first designated period of time, where the first 
designated acceleration threshold magnitude is representative of a lack of normal expected 

10 subject movement; 

d) initiates an event representative of an absence of a normal amount of movement in the 
subject indicative of a possible inability to rise due to a collapse or other adverse event if the 
determined instant magnitude does not exceed the first designated acceleration threshold 
magnitude for at least the first designated period of time; 

15 e) determines the first designated acceleration threshold magnitude from a plurality of 

previously determined instant magnitudes; and 
■ a communications unit that communicates an initiated event to a remote receiver. 

In this aspect of the invention it is preferred: 
20 ■ the processing unit: 

a) determines if the determined instant magnitude of the sum of the instant acceleration of the 
subject in the at least three different directions exceeds a second designated acceleration 
threshold magnitude for at least a second designated period of time; 

b) determines the second designated acceleration threshold magnitude from a plurality of previously 
25 determined instant magnitudes; 

c) determines the magnitude of the instant angle of the subject being the magnitude of the angle 
between the cranio-caudal axis of the subject and the cranio-caudal axis of the subject when in 
an upright disposition from at least one of the determined instant acceleration of the subject in one 
or more determined directions; 

30 d) determines if the determined instant angle of the monitor is greater or less than a designated 
angle magnitude threshold; and 
e) initiates an event representative of an abnormally high acceleration of the subject followed by a 
laying down subject disposition indicative of a possible fall coupled with a subsequent absence of 
getting up from the laying down disposition indicative of a possible debilitating fall if: 
35 I. the determined instant magnitude of the sum of the instant acceleration of the subject in the at 

least three different directions exceeds the second designated acceleration threshold 
magnitude for at least a second designated period of time; and 
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II. within a third designated period of time after the end of the second designated period of time 
the determined instant angle of the subject is greater than the designated angle magnitude 
threshold; and 

III. within the third designated period of time after the end second designated period of time the 
5 instant magnitude of the sum of the instant acceleration of the subject in the at least three 

different directions does not exceed a third designated acceleration magnitude for at least a 
fourth designated period of time. 

Preferably the accelerometer simultaneously determines the acceleration of the subject in three 
10 orthogonal directions. 

Preferably the portable monitor is mounted on an upright subject in an orientation so that one of the three 
orthogonal directions is in a vertical direction or within a designated angle of the vertical direction. 

15 In another aspect the invention provides a method for detecting a person's inability to rise after a fall, 
collapse or other adverse event using a triaxial accelerometer included in a personal wearable 
ambulatory monitoring device. The first part of the procedure involves the detection of an inability to rise 
caused by a fall event. The first step in the method is sampling an output from the triaxial accelerometer 
that is indicative of body acceleration and body angle. The next step is to determine whether a fall has 

20 taken place by comparing the magnitude of the acceleration vector to an acceleration magnitude 
threshold for a period equal to a time duration threshold to determine the presence of an abnormal 
acceleration. If an abnormal acceleration is detected then the body angle is compared to a threshold 
value to identify a body state indicative of lying. A subsequent absence of movement is detected by 
comparing the magnitude of the acceleration vector to a second acceleration magnitude threshold. 

25 The second part of the procedure involves the detection of an inability to rise due to collapse or other 
adverse event. The first step in the method is sampling an output from the triaxial accelerometer that is 
indicative of body acceleration and body angle. The next step is to identify an inability to rise by 
comparing the magnitude of the acceleration vector to an acceleration magnitude threshold for a period 
equal to a time duration threshold to determine the absence of a normal amount of movement. 

30 

In another aspect of the invention it provides a method for monitoring a person's movement to detect an 
inability to rise due to a fall through using a triaxial accelerometer included in a personal monitoring 
system that consists of a receiver unit and a personal monitoring device, which communicates with the 
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CLAIMS 

1 . A monitoring apparatus for an ambulatory subject including: 

■ a portable monitor mountable on the subject that includes an accelerometer that measures the 
instant acceleration of the subject in one or more determined directions; 

■ a processing unit that: 

a) determines at least one instant ambulatory performance indicia of the subject from at least 
one determined instant acceleration of the subject in one or more instants of time; 

b) determines at least one designated performance threshold from at least one previously 
determined instant ambulatory performance indicia; 

c) determines if the subject's instant ambulatory performance indicia is below or above the at 
least one designated performance threshold; 

d) initiates at least one event if the determined instant ambulatory performance indicia is above 
or below the determined at least one designated performance threshold; and 

■ a communications unit that communicates an initiated event to a remote receiver. 

2. A monitoring apparatus in accordance with claim 1 wherein the at least one designated performance 
threshold is determined by the processing unit from a plurality of previously determined instant 
ambulatory performance indicia. 

3. A monitoring apparatus in accordance with claim 1 wherein the at least one event is initiated only if 
the determined instant ambulatory performance indicia is below or above the determined at least one 
designated performance threshold for a designated period of time. 

4. A monitoring apparatus in accordance with claim 3 wherein the designated first period of time is 
determined from a plurality of previously determined instant ambulatory performance indicia. 

5. A monitoring apparatus in accordance with claim 1 wherein the accelerometer simultaneously 
determines the acceleration of the subject in three orthogonal directions. 

6. A monitoring apparatus in accordance with claim 5 wherein the portable monitor is configured to be 
mounted on an upright ambulatory such that one of the three orthogonal directions is in a vertical 
direction or within a designated angle of the vertical direction. 

7. A monitoring apparatus in accordance with claim 1 wherein an initiated event is communicated by 
the apparatus to the remote receiver by wireless communication. 
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8. A monitoring apparatus in accordance with claim 3 wherein: 

■ a first instant ambulatory performance indicia representative of movement activity in the subject is 
determined from the instant magnitude of the sum of the instant acceleration of the subject in one 
or more determined directions; 

5 ■ a first acceleration threshold magnitude that is representative of a lack of normal expected 

subject movement is designated as a first designated performance threshold; 

■ a first event representative of an absence of a normal amount of movement in the subject 
indicative of a possible inability to rise due to a collapse or other adverse event is initiated if the 
determined first instant ambulatory performance indicia is below the first designated acceleration 

10 threshold magnitude for a first designated period of time. 



9. A monitoring apparatus in accordance with claim 8 wherein: 

■ a second instant ambulatory performance indicia representative of the instant cranio-caudal 
angle of the subject relative to an upright disposition of the subject, is determined from at least 

15 one of the determined instant acceleration of the subject in one or more determined directions; 

■ an angle magnitude that is representative of a cranio-caudal angle of the subject relative to an 
upright subject where the disposition of the subject is deemed to be no longer upright is 
designated as a second designated performance threshold; 

■ a second acceleration threshold magnitude representative of an abnormally high subject 
20 movement is designated as a third designated performance threshold; and 

■ a second event representative of an abnormal acceleration of the subject followed by a laying 
down subject disposition indicative of a possible fall coupled with a subsequent absence of 
getting up from the laying down disposition indicative of a possible debilitating fall is initiated if: 

a) the determined first instant ambulatory performance indicia is above the second designated 
25 acceleration threshold for a second designated period of time; and 

b) within a third designated period of time of the end of the second designated period of time the 
determined second instant ambulatory performance indicia is greater than the designated 
angle threshold; and then 

c) the determined first instant ambulatory performance indicia is below the first designated 
30 acceleration threshold magnitude for a first designated period of time. 

10. A method of monitoring an ambulatory subject including: 

a) mounting a portable monitor on the subject that includes an accelerometer to measure 
simultaneously the instant acceleration of the subject in at least three different directions at 

35 different instants in time; 

b) using a processing unit in communication with the portable monitor to determine a plurality of 
instant ambulatory performance indicia based on the determined instant acceleration of the 
subject; 
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c) using the processing unit to determine at least one designated performance threshold 
corresponding to the each ambulatory performance indicia from at least one previously 
determined corresponding instant ambulatory performance indicia; 

d) using the processing unit to determine if the subject's instant ambulatory performance indicia is 
below or above the corresponding at least one designated performance threshold and initiating a 
corresponding event; 

e) using a communications unit to communicate an initiated event to a remote receiver. 

A method of monitoring an ambulatory subject in accordance with claim 10 wherein the at least one 
designated performance threshold is determined from a plurality of previously determined instant 
performance indicia, and the designated performance threshold responsively and cooperatively 
adapts to statistical changes in previously determined instant performance indicia overtime. 

A method of monitoring an ambulatory subject in accordance with claim 10 wherein the event is 
initiated only if the determined instant ambulatory performance indicia is below or above the 
determined at least one designated performance threshold for a designated period of time. 

A method of monitoring an ambulatory subject including: 

a) mounting a portable monitor on the subject that includes an accelerometer to measure the instant 
acceleration of the subject in one or more determined directions; 

b) using a processing unit in communication with the portable monitor to determine at least one 
instant ambulatory performance indicia of the subject from at least one determined instant 
acceleration of the subject in one or more instants of time; 

c) using the processing unit to determine at least one designated performance threshold from at 
least one previously determined instant ambulatory performance indicia; 

d) using the processing unit to determine if the subject's instant ambulatory performance indicia is 
below or above the at least one designated performance threshold and initiating a corresponding 
event; 

e) using the processing unit to initiate at least one event if the determined instant ambulatory 
performance indicia is above or below the determined at least one designated performance 
threshold; and 

0 using a communications unit to communicate an initiated event to a remote receiver. 

A method of monitoring an ambulatory subject in accordance with claim 13 wherein the at least one 
designated performance threshold is determined by the processing unit from a plurality of previously 
determined instant performance indicia. 
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15. A method of monitoring an ambulatory subject in accordance with claim 13 wherein the designated 
performance threshold responsively and cooperatively adapts to statistical changes in previously 
determined instant performance indicia overtime. 



16. A monitoring apparatus for an ambulatory subject including: 

■ a portable monitor mountable on the subject that includes an accelerometer that simultaneously 
measures the instant acceleration of the subject in at least three different directions; 

■ a processing unit that: 

f) is in communication with the portable monitor; 

g) determines the instant magnitude of the sum of the instant acceleration of the subject in the 
at least three different directions; 

h) determines if the determined instant magnitude does not exceed a first designated 
acceleration threshold magnitude for a first designated period of time, where the first 
designated acceleration threshold magnitude is representative of a lack of normal expected 
subject movement; 

i) initiates an event representative of an absence of a normal amount of movement in the 
subject indicative of a possible inability to rise due to a collapse or other adverse event if the 
determined instant magnitude does not exceed the first designated acceleration threshold 
magnitude for at least the first designated period of time; 

j) determines the first designated acceleration threshold magnitude from a plurality of 
previously determined instant magnitudes; and 

■ a communications unit that communicates an initiated event to a remote receiver. 



17. A monitoring apparatus in accordance with claim 16 wherein: 
■ the processing unit: 

a) determines if the determined instant magnitude of the sum of the instant acceleration of the 
subject in the at least three different directions exceeds a second designated acceleration 
threshold magnitude for at least a second designated period of time; 

b) determines the second designated acceleration threshold magnitude from a plurality of 
previously determined instant magnitudes; 

c) determines the magnitude of the instant angle of the subject being the magnitude of the angle 
between the cranio-caudal axis of the subject and the cranio-caudal axis of the subject when 
in an upright disposition from at least one of the determined instant acceleration of the 
subject in one or more determined directions; 

d) determines if the determined instant angle of the monitor is greater or less than a designated 
angle magnitude threshold; and 

e) initiates an event representative of an abnormally high acceleration of the subject followed by 
a laying down subject disposition indicative of a possible fall coupled with a subsequent 
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absence of getting up from the laying down disposition indicative of a possible debilitating fall 
if: 

I. the determined instant magnitude of the sum of the instant acceleration of the subject in 
the at least three different directions exceeds the second designated acceleration 
threshold magnitude for at least a second designated period of time; and 

II. within a third designated period of time after the end of the second designated period of 
time the determined instant angle of the subject is greater than the designated angle 
magnitude threshold; and 

III. within the third designated period of time after the end second designated period of time 
the instant magnitude of the sum of the instant acceleration of the subject in the at least 
three different directions does not exceed a third designated acceleration magnitude for 
at least a fourth designated period of time. 

A monitoring apparatus in accordance with claim 16 wherein the accelerometer simultaneously 
determines the acceleration of the subject in three orthogonal directions. 

A monitoring apparatus in accordance with claims 17 wherein the portable monitor is mounted on an 
upright subject in an orientation so that one of the three orthogonal directions is in a vertical direction 
or within a designated angle of the vertical direction. 
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